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Abstract

Introduction: The Myasthenia Gravis Patient Registry (MGR) is a voluntary, patient-
submitted database dedicated to improve understanding of care/burden of myasthe-
nia gravis (MG).

Methods: In this study we present analyses of baseline records through July 2017
(n = 1140) containing data on the MG—Activities of Daily Living (MG-ADL) and the
MG 15-item Quality of Life (MG-QOL15) instruments, two validated scales assessing
quality of life in MG patients at sign-up into the MGR.

Results: Most registrants reported moderate to severe impairment of health-related qual-
ity of life, with a median MG-ADL score of 6 and a median MG-QOL15 score of 21.
Seventy-one percent of the patients had received pyridostigmine. Corticosteroids,
mycophenolate mofetil, and azathioprine were the most common immunomodulators/
immunosuppressants, with 85% of participants having ever using one of these agents.
Forty-seven registrants reported receiving intravenous immunoglobulin, and 30% received
plasma exchange. Twelve percent reported other treatments, and 40% were unsure
whether they received less common therapies. Forty percent had undergone
thymectomy.

Discussion: The MGR data correlate well with other MG cohorts. Many MG patients

remain negatively impacted despite treatment.
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1 | INTRODUCTION

Myasthenia gravis (MG) is an autoimmune disease caused by antibodies

Abbreviations: AChR, acetylcholine receptor; IVIg, intravenous immunoglobulin; MG,

myasthenia gravis; MG-ADL, Myasthenia Gravis—Activities of Daily Living; MGFA,
Myasthenia Gravis Foundation of America; MG-QOL15, 15-item Myasthenia Gravis Quality

directed toward proteins localized to the neuromuscular junction that

result in failure of neuromuscular transmission.>? Although advances

of Life; MGR, Myasthenia Gravis Patient Registry; MuSK, muscle-specific kinase; NARCOMS,

North American Research Committee on Multiple Sclerosis; PLEX, plasmapheresis.

G.C. and H.X. contributed equally to this study.

have been made in understanding of disease pathogenesis and treat-

ment, many patients have MG exacerbations, which often require
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hospitalization, and disease- and treatment-related morbidity remains
high.2 Common treatment regimens for MG include relatively benign,
but often inadequate, cholinesterase inhibitors, surgical removal of the
thymus, and immunomodulatory or immunosuppressive treatments
(high-dose corticosteroids, cyclosporine, azathioprine, rituximab,
mycophenolate mofetil, intravenous immunoglobulin [IVIg], plasmaphe-
resis [PLEX], and eculizumab), each with their unique adverse-effect pro-
files.®# Despite the many treatment options, an estimated 15% to 20%
of MG patients are considered treatment refractory. Although national
and international consensus guidelines have been established, there is
limited understanding of how patients are being treated in everyday clin-
ical practice.>

To better understand the status of patient care, the Myasthenia
Gravis Foundation of America (MGFA) established a patient registry in
collaboration with the University of Alabama at Birmingham, starting
in 2013. The MG Patient Registry (MGR) is modeled after the
North American Research Committee on Multiple Sclerosis Registry
(NARCOMS) and includes voluntarily provided information from
patients obtained through questionnaires addressing basic demo-
graphics, diagnosis, treatment, and insurance status.” The data obtained
also included validated MG-specific disease severity scales: the MG—
Activities of Daily Living (MG-ADL) and the 15-item MG Quality of
Life-15 (MG-QOL15) instruments.®12 The MGR has previously identi-
fied differential gender effects of MG and its treatment in quality of life
and assessment of adverse effects to prednisone treatment.*>** Our
investigation of the MGR provides an assessment of registrant demo-

graphics, treatments, and disability in a broad patient sample.

2 | METHODS

2.1 | Myasthenia Gravis Patient Registry

The MGR is an active database of persons with MG. It is a voluntary,
confidential, and patient-submitted research project, funded and
managed by the MGFA and the Coordinating Center at the Univer-
sity of Alabama at Birmingham (UAB) (http://www.mgregistry.org/).
An extensive description of the MGR can be found in earlier publica-
tions.* The MGR was developed for several purposes, including
research to assess disease course and management. Initiated on July
1, 2013, the MGR involves subject completion of voluntarily submit-
ted disease and health-related information through a web-based
portal with the option to submit a paper questionnaire. The MGR is
advertised through the MGFA website, support groups, the MGFA
national meeting, and brochures for patient distribution at the
offices of physicians belonging to the MGFA Medical and Scientific
Advisory Board.

In addition to the general approval of the MGR at UAB, the pre-
sent study was approved by the institutional review board of UAB.
Consent is obtained electronically by acknowledging completion of
the survey. Data have been de-identified.

The data, including completion of MG-ADL and MG-QOL15, are
directly entered by registrants without confirmation by a physician.

The MG-ADL thus differs from the original instructions that require

that a health-care professional ask the questions and note the

answers.

2.2 | Inclusion and exclusion criteria

Registrants were required to be at least 18 years of age and
answered “Yes” to “Has your doctor diagnosed you with MG”"? They
were also required to be living in the United States and completed
survey enrollment between July 1, 2013 and June 30, 2017. Each
patient record is unique with no known duplications. Only data col-
lected at baseline (sign-up into the registry) were used in these

analyses.

2.3 | Main measures

The MG-QOL15 is a 15-item (range 0-60, higher scores indicate more
severe disease) disease-specific quality-of-life scale that was derived
from a 60-item MG-specific health-related quality-of-life scale.*>¢
The MG-ADL is an eight-question survey (range 0-24, higher scores
indicate more severe disease) of MG symptoms.®'? Both are Likert-
type scales. A commonly accepted clinically meaningful difference in
MG-ADL is 2 points, whereas the clinically meaningful difference in

MG-QOL15 is not clearly established.®*”

2.4 | Statistical methods

All data presented is collected at sign-up into the MGR. Demographics
included age at entry into the MGR, age at symptom onset, race, and
gender. Disease characteristics include disease duration, self-reported
acetylcholine receptor (AChR) antibody status, and muscle-specific
kinase (MuSK) antibody status. Quality of life was assessed by MG-
QOL15 and MG-ADL. Subjects reported either being told they are
antibody positive, not told they are antibody positive, or they were
unsure. We also describe reported use of MG-specific treatments
including PLEx, IVIg, rituximab, cyclophosphamide, methotrexate,
tacrolimus, cyclosporine, mycophenolate mofetil, azathioprine, and
steroids. The form used for collecting immunotherapy data is provided
online in Figure S1 A relatively recent treatment for MG, eculizimab,
was not assessed here because its US Food and Drug Administration
approval was obtained after the cutoff time of our study sample.
Quality-of-life measures are described within the various demographic
and disease characteristic subgroups. We characterized the associa-
tion between the MG-ADL and the aforementioned immunotherapies
by comparing means (95% Cl) within each immunotherapy subgroup
with the overall means (95% Cl) for the full sample, and similarly for
the MG-QOL15. Details on subgroup definitions are given in Table S1
online. Mean, SD, median, and range statistics were used for continu-
ous variables, and frequency and proportion were used for categorical
variables to describe the data. Correlations between MG-QOL15 and
MG-ADL were assessed using the Pearson correlation. ADL and MG-
QOL15 group means were compared between those told they were
AChR antibody positive vs those not told, as well as those told they

were MuSK antibody positive vs those not told. t Tests were used and
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P values were reported for group mean comparisons. Ninety-five per-
cent Cls were reported for group means and correlations. Statistical
significance was achieved at the .05 alpha level. Analyses were per-
formed using SAS version 9.4 (SAS Institute, Cary, North Carolina).

3 | RESULTS

3.1 | Demographics

Data from 1140 registrants out of a total of 2084 records met the
inclusion criteria and were included in the present analysis. Figure S2
online shows details on subjects included or excluded from the pre-
sent analyses. The mean age at sign-up in the MGR was 54.6 years
(Table 1), with a plurality of registrants being between 45 and
65 (45%), 26% below 45, and 29% above 65 years of age. Sixty-six

TABLE 1 Demographics and disease characteristics at MGR
sign-up
Characteristic Statistic
Age at MGR (years)
Mean + SD 54.6 £ 14.8
Median (range) 57.0(18.0-93.0)
Gender female (%) 66.2%
Race (%)
White 80.4
Black 6.2
Hispanic 0.2
Disease duration (years)
Mean + SD 9.9 +10.1
Median (range) 6.0 (2.0-58.0)
Age at first MG symptoms (years)
Mean + SD 40.3 £ 18.9

Median (range) 40.0 (1.0-81.0)

AChR antibody status
Told positive 23.2%
Not told positive 10.4%
Unsure or missing 66.5%
MuSK antibody status
Told positive 5.8%
Not told positive 8.0%
Unsure or missing 86.2%
MG-ADL total score (N = 1140)
Mean + SD 6.2+40
Median (range) 6(0-21)
MG-QOL total score (N = 1138)
Mean + SD 222 +150
Median (range) 21 (0-60)

Abbreviations: AChR, acetylcholine receptor; MG-QOL15, Myasthenia
Gravis 15-item Quality of Life; MG-ADL, Myasthenia Gravis—Activities of
Daily Living; MGR, Myasthenia Gravis Patient Registry.
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percent of registrants were women. Eighty percent of registrants were
white. The most common states of residence for the sample were
Florida (10%), California (7%), Texas (7%), North Carolina (6%), Penn-
sylvania (6%), New York (5%), Virginia (4%), Michigan (4%), Georgia
(4%), and lllinois (3%).

3.2 | Disease characteristics

The mean (SD) disease duration was 9.9 (10.1) years, with approxi-
mately half the registrants having MG for O to 5 years (Table 1). The
mean age at first symptoms was 40.3 years with a wide range from
1 to 81 years. Most registrants (72%) had their first symptoms
between the age of 18 and 64 years. Analyses by gender and age
were consistent with the known disease onset at a younger age for
women compared with men (Figure 1). The mean (SD) onset age for
women was 34.4 (17.0) years. The mean (SD) onset age for men was
51.7 (17.3) years.

Twenty-three percent of registrants indicated they were told they
were positive for AChR antibodies, and 6% indicated they were told
they were positive for MuSK antibodies (Table 1). High percentages
reported unknown or gave no response for AChR or MuSK antibody.
One hundred eighteen (10%) subjects reported that they were not
told they were positive for the AChR antibody, whereas 91 (8%)
reported that they were not told they were positive for the MuSK
antibody.

The mean (SD) MG-ADL score was 6.2 (4.0). On average, half the
registrants reported moderate to severe symptoms or disability that
limited their activities of daily living at MGR sign-up (Figure 2A). The
mean (SD) MG-QOL15 score was 22.2 (15.0), indicating that most
registrants had substantial disease burden. A wide range of MG-
QOL15 scores were recorded (0-60) (Figure 2B).

14.3%
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FIGURE 1 Age at disease onset. Although incidence was similar

from the second to seventh decade overall, the peak age at disease
onset was in the fourth decade in female patients and in the sixth
decade in male patients
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FIGURE 2 Distribution of (A) MG-ADL and (B) MG-QOL15 at
sign-up. The majority of patients reported moderate to severe
impairment in their activities of daily living, as measured by MG-ADL
(N = 1140) and MG-QOL15 (N = 1138) scale scores. MG-ADL,
Myasthenia Gravis—Activities of Daily Living; MG-QOL15, 15-item
Myasthenia Gravis Quality of Life

3.3 | MG-specific therapy at sign-up and treatment
history

At sign-up to the MGR, 71% of registrants reported receiving
pyridostigmine, 42% were receiving corticosteroids, 24%
mycophenolate mofetil, 19% azathioprine, 19% IVIg, and 4% PLEXx.
Forty percent had undergone a thymectomy, 36% reported previous
steroid use, 28% had received IVIg, and 26% reported PLEx (Figure 3).

Only a small proportion of registrants (12%) reported ever receiving

(A)

138
(O Corticosteroids
106
(O Mycophenolate
(B)
Azathioprine
10
26

FIGURE 4 Analysis of most frequently used immunomodulatory
therapies at sign-up. Patients using corticosteroids, azathioprine,
and/or mycophenolate mofetil (A), at present (n = 723), and (B) at any
time (n = 966), past or present, for treatment of myasthenia of the
1140 MGR patients assessed. The Venn diagrams with areas
proportional to the number of patients in each group have been
generated using EulerAPE (http://www.eulerdiagrams.org/eulerAPE/).
MGR, Myasthenia Gravis Patient Registry

70%

60%

B Current @ Past B Never B Unsure

"’(q FIGURE 3 Immunotherapies in MG Patient
Registry at sign-up. Current and past medication
use as reported by patients is generally consistent
with current treatment guidelines for MG
standard of care. MG, myathenia gravis; PLEX,
plasmapheresis
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other immunosuppressive therapies, although approximately 40%
were unsure whether they had received those treatments or did not
provide an answer.

The proportion of registrants receiving the most frequently pre-
scribed disease-modifying medications was further investigated
(Figure 4). We identified 723 (63%) registrants who were on at least
one of three medications at sign-up. Of these, a similar number
were receiving either: (1) prednisone alone (21%); (2) azathioprine or
mycophenolate mofetil alone (21%); or (3) a combination of predni-
sone and either mycophenolate mofetil or azathioprine (20%). Nine
hundred sixty-six (85%) reported receiving at least one of these

medications at any time. Of these, 53% reported to have used

TABLE 2 Functionality by subgroup

&NERVE RV 10 AR

prednisone plus either azathioprine or mycophenolate mofetil
(n = 604); 29% had received prednisone only (n = 277) and 18%
(n = 170) had received all 3 medications. Only 10 registrants
reported that they had received azathioprine or mycophenolate

mofetil, but not prednisone.

3.4 | Correlation between MG-ADL and MG-QOL15

Based on 1138 subjects who completed both questionnaires at sign-
up to the MGR, the estimated correlation (95% Cl) between MG-ADL
and MG-QOL15 was r = 0.78 (0.75-0.80) (P < .0001). This estimated
correlation (95% Cl) in the subgroups above an MG-ADL score of

MG-QOL MG-ADL
N (%) Mean (95% Cl) N (%) Mean (95% Cl)

Age at MGR sign-up (years)

18-44 297 (26%) 24.1(22.5-25.8) 297 (26%) 6.7 (6.3-7.2)

45-64 517 (45%) 24.6 (23.3-25.9) 518 (45%) 6.9 (6.6-7.3)

65" 324 (28%) 16.5(15.0-18.1) 325 (29%) 4.6 (4.2-5.0)
Gender

Female 755 (66%) 24.4(23.4-25.5) 755 (66%) 6.9 (6.6-7.2)

Male 383 (34%) 17.8(16.3-19.2) 385 (34%) 4.8(4.5-5.2)
MG duration (years)

0-5 546 (48%) 23.7 (22.4-24.9) 547 (48%) 6.3(5.9-6.6)

6-10 241 (21%) 21.1(19.2-23.0) 241 (21%) 6.2(5.7-6.7)

11-15 136 (12%) 22.8(20.3-25.2) 136 (12%) 6.5(5.8-7.1)

16-20 67 (6%) 19.2(15.7-22.7) 67 (6%) 6.0(5.1-6.9)

21-40 120 (11%) 19.7 (16.8-22.6) 120 (11%) 6.0(5.2-6.7)

41* 28 (2%) 16.9 (12.3-21.6) 29 (3%) 5.0(3.7-6.3)
Age at first symptoms (years)

Unknown 58 (5%) 24.6 (20.8-28.5) 58 (5%) 7.1(6.1-8.1)

0-17 145 (13%) 25.1(22.5-27.8) 146 (13%) 7.1(6.4-7.8)

18-44 454 (40%) 23.8(22.5-25.2) 454 (40%) 6.9 (6.6-7.3)

45-64 363 (32%) 20.6 (19.1-22.1) 364 (32%) 5.5(5.1-5.9)

65" 118 (10%) 15.9 (13.4-18.4) 118 (10%) 4.1 (3.5-4.8)
AChR antibody status*

Told positive 262 (23%) 22.2(20.3-24.0) 264 (23%) 5.7(5.2-6.2)

Not told positive 118 (10%) 25.3(23.0-27.7) 118 (10%) 7.5(6.9-8.2)

Unsure or missing 758 (67%) 21.7 (20.6-22.8) 758 (66%) 6.2 (5.9-6.5)
MuSK antibody status*

Told positive 66 (6%) 25.5(21.5-29.5) 66 (6%) 6.3(5.4-7.2)

Not told positive 91 (8%) 27.0 (24.2-29.7) 91 (8%) 8.0(7.2-8.9)

Unsure or missing 981 (86%) 21.5(20.6-22.5) 981 (86%) 6.0 (5.8-6.3)
Overall 1138 (100%) 22.2(21.3-23.1) 1140 (100%) 6.2 (6.0-6.4)

Abbreviations: AChR, acetylcholine receptor; MG-ADL, Myasthenia Gravis—Activities of Daily Living; MG-QOL15, Myasthenia Gravis 15-item Quality of
Life; MGR, Myasthenia Gravis Patient Registry; MuSK, muscle-specific kinase.
*|n the MGR questionnaires, subjects report being told if the results of antibody tests were positive (yes, no, unsure). Thus, it is possible for a subject to be

positive for the antibody but not told so by their clinician.
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MG-ADL and MG-QOL15 in the immunotherapy subgroups at sign-up. Mean and 95% confidence intervals for MG-ADL and

MG-QOL15 measured at entry into the MGR for immunotherapy subgroups based on their self-reported current or past medication use. Black
vertical lines indicate overall means and 95% confidence intervals for the entire study sample, irrespective of therapy. MG-ADL, Myasthenia
Gravis—Activities of Daily Living; MG-QOL15, 15-item Myasthenia Gravis Quality of Life; MGR, Myasthenia Gravis Patient Registry

6 (n = 624) was lower at r = 0.58 (0.53-0.63) (P < .0001), with this
cutoff often considered the lower boundary of substantial clinical

impairment.

3.5 | MG-ADL and MG-QOL15 in subgroups

We found that younger registrants tended to be more severely
impaired in their health-related quality of life than those over
65 years of age, and women were more affected (Table 2). Those
with shorter disease duration generally reported higher impair-
ment, and age over 65 years at first symptoms was correlated
with lower disease burden. We also found that registrants who
reported being told they were MuSK antibody positive,
irrespective of AChR antibody, had a mean MG-ADL score of 6.3
and a mean MG-QOL15 score of 25.5. Those who reported being
told they were AChR antibody positive, irrespective of MuSK anti-
body, had a mean MG-ADL score of 5.7 and a mean MG-QOL15

score of 22.2.

Figure 5 displays the mean (95% Cl) MG-ADL and MG-QOL15
acores for past and current users of the different immunotherapies.
The overall means were 6.2 for MG-ADL and 22.2 for MG-QOL15,
irrespective of therapy. We found that those currently using
rituximab, PLEX, or IVIg had worse quality-of-life scores, on average,
when compared with overall means on the MG-ADL or MG-QOL15.
Meanwhile, those reporting past use of mycophenolate mofetil, meth-
otrexate, rituximab, or cyclosporine had worse quality-of-life scores
when compared with the overall means. Clinically significant differ-
ences in mean ADL, compared with the overall mean ADL, were
observed for those currently using rituximab (+2.4) and PLEx (+2.7), as
well as for those with past use of methotrexate (+3.1), rituximab
(+2.1), and cyclosporine (+2.2).

Registrants reporting prior thymectomy had similar quality-of-life
scores when compared to those without. Those with prior thymec-
tomy reported a mean MG-ADL score of 6.2, whereas those without
reported a mean MG-ADL score of 6.2 (P =.72). Those with prior thy-
mectomy reported a mean MG-QOL score of 22.0 and those without

reported a mean score of 22.3 (P = .81).
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4 | DISCUSSION

4.1 | Validity and representativeness of the MGR

The MGR is the largest patient-reported database of MG patients,
comprised of data from over 1000 patients in the United States.
Within the limits of patient-reported data, the MGR provides unique
insights into the MG patient experience. The MGR was modeled after
the NARCOMS registry, which has existed since the mid-1990s and
has been used in over 100 investigations. Multiple sclerosis and MG
have similarities in being chronic neurological disorders, which may at
times be difficult to diagnose clinically or may be misreported by reg-
istry participants. Considering this, NARCOMS underwent a validation
of diagnosis by a formal review process and showed a 99% confirma-
tion of diagnosis in subjects sampled.*®

A critical issue for any registry is the extent to which the data may
be biased, especially due to the likelihood that more symptomatic
patients may participate more readily in a patient organization
(MGFA) and its patient registry. Although such registry participation
bias cannot be eliminated, comparison of the MGR data to published
clinical data from several other studies indicates that participation bias
is likely modest.”*2° The age and gender distribution of the MGR is
consistent with the known distribution of MG.2* However, there was
an underrepresentation of nonwhite races in the MGR, despite there
being no racial bias of MG incidence. Thus, the MGR data may be
fairly generalizable to other patients with MG in the United States.
For example, our results are comparable to those of a 2008-2009
11-center North American study designed to validate the MG Com-
posite and MG-QOL15.7 We found a mean difference in MG-ADL of
1.3 points, and a mean difference in MG-QOL15 of 3.5 in the MGR
compared with the 11-center study.” Mean age at baseline was
3.4 years lower, and mean disease duration was 2.9 years higher in
the MGR compared with the 11-center study (7 years). Women were
also more common in the MGR compared with the 11-center study.’
For registrants who reported requiring IVlg or PLEx, mean MG-
QOL15 score was 29, similar to published scores from a randomized
clinical trial in Toronto, Canada.'® Reported MG medication use in
MGR participants was somewhat similar compared with a 2008-2010
study of 1288 MG patients, with the exception of markedly higher
use of mycophenolate mofetil and IVIg in the MGR.2° The discrepancy
in mycophenolate mofetil use is expected, however, considering that
use has increased for the population of MG patients over the past
decade in the United States. Increased IVIg in the MGR may suggest a
higher disease severity, but could be affected by aspects of patient-
reported data in the MGR.

We found that the MG-ADL and MG-QOL15 scores correlated well
(Pearson r = 0.78), similar to what was observed in the 11-center North
American study (r = 0.76), further validating the MGR data and use of
these two patient-reported, disease-specific measures.” Overall, com-
parisons with the 11-center study suggest the MGR participants
reported slightly worse disease statuses as measured by MG-ADL and
MG-QOL15, were slightly younger, had slightly longer disease dura-

tions, and included a moderately larger proportion of women.
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Medication usage was also slightly different in the MGR compared with
the 2008-2010 study, but these differences may be consistent with
known trends over time. Despite this, the MGR data appear to be simi-
lar enough to generalize our observations to a larger population of MG
patients in the United States. We also found a lower correlation
between MG-ADL and MG-QOL15 scores in the subgroup with an
MG-ADL score above 6, which is in line with the narrower dynamic

range for both scales in this subgroup vs the entire population.

4.2 | MG disease burden and immunotherapies

Our data suggest that a large proportion of patients have a significant
disease burden, as measured by two well-established, validated,
disease-specific, and patient-reported measures—the MG-ADL and
the MG-QOL15. These data highlight that MG remains a disease that
may significantly affect the disease-specific quality of life of a large
number of patients, despite current treatments.

Our analyses also indicate that younger patients and women gen-
erally report more symptoms and limitations, and poorer disease-
specific QOL. Patients may suffer disproportionately during their
younger active years. The findings also suggest that there may be cli-
nician reluctance to provide more aggressive treatment to such
patients, especially given the significant acute side effects and long-
term risks related to immunosuppressive therapies. These observa-
tions may in part also reflect that, in women, onset of MG predomi-
nantly occurs at a younger age compared with men.

In subgroup analyses, around 80% of registrants reported current
or past use of pyridostigmine or corticosteroids, which is consistent
with standard-of-care recommendations.® Approximately 40% reported
having been on azathioprine and/or mycophenolate mofetil, whereas
30% reported never receiving either one or the other, and 30% were
not sure. This observation is unexpected given the overall level of
impairment identified. Based on consensus guidelines, patients not
responding well to cholinesterase inhibition and corticosteroids should
be moved to immunosuppressive treatments. This point is magnified by
the observation that impairment was similar among patients receiving
vs not receiving immunosuppression. The reasons for this finding can-
not be addressed by the data at hand, but are critical to better under-
stand any potential gaps in current treatment practices. Do underlying
practice patterns of physicians vary to the point that, despite significant
disease burden, some patients are not prescribed standard of care
treatment? Do physicians and patients vary in the level of acceptable
disability prior to treatment escalation? An alternative explanation may
be that a substantial population of patients may have limited knowl-
edge of their treatments or may have forgotten about participation in
an oral immunosuppressant trial, such as with azathioprine in prior
years.

Only a small proportion of patients knowingly received third-line
therapeutics such as methotrexate, tacrolimus, cyclophosphamide, or
rituximab, which are typically used after failure of azathioprine and
mycophenolate mofetil. Not surprisingly, those who did receive these
treatments tended to have the highest disease burden. Patients with

or without thymectomy had similar levels of disease burden, which is
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not consistent with a clinical trial demonstrating the effectiveness of
thymus removal for patients with AChR antibodies and age younger
than 65 years.?? This may reflect a bias of MGR participants with

greater severity of disease regardless of treatment.

4.3 | Limitations

Limitations of our study include the voluntary nature of the MGR,
which leads to the potential for selection bias with an overrepresenta-
tion of patients with more severe disease. This may decrease the gen-
eralizability of our results to all MG subjects, but it also indicates a
need for future studies to continue characterization of their unmet
needs. Another limitation stems from the self-reporting of all data
from patients. With self-reporting comes the chance of recall bias and
the potential for error. This likely contributes to the high number of
registrants who do not recall autoantibody status, specific treatments,
or specific clinical measures. The chance of inaccuracies and bias in
patient-reported data is present in most observational studies and
registries. Thus, conclusions drawn from them must be made cau-
tiously, especially for data pertaining to antibody statuses or seroneg-
ativity. Another limitation is the lack of diagnostic certainty for MGR
participants, so there is the possibility that MGR participants do not
have MG. The majority of subjects were not aware of their antibody
status, suggesting a lack of discussion with their physicians regarding
antibodies. However, we believe it is more likely that typical partici-
pants are not fully informed regarding their antibody status or diag-
nostic methodology, and that this is not an immediate invalidation of
their MG status. Given that therapies such as eculizumab and thymec-
tomy are focused on patients with AChR antibodies, greater effort
should be made by physicians to educate patients on their diagnosis.
Similar issues are present in the reporting of MG immunotherapy, in
which 15% to 30% of subjects were unsure of the three common
drugs. Despite these limitations, reasonably valid results and insights
may still be derived. The MGR was designed to be largely similar to
the NARCOMS registry, in which a validation assessment showed
concurrence with self-reported diagnosis and independent record
evaluations. This supports that the accuracy of our patient-reported
sample should be in line with other similar neurological disease
registries.

In conclusion, our analyses document in a large sample that many
patients with MG still suffer from a significant disease burden despite

current standard-of-care treatment.
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